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Abs tract: A erosol retrieval algorithm s for th eMODerate Reso lut ion Im aging Spectrorad iom eter (MODIS ) satellite h ave been developed to est imate aerosol
and m icrophysical propert ies of th e atm osphere w h ich help to address aerosol clim at ic issues at g loba l sca le. H ow ever, h igh er spat ial resolut ion aerosol
products for urban areas h ave not been w el l research ed. In th is study, a new aerosol retrieval algorithm for the MODIS 500m reso lut ion data has been
developed to retrieve aerosol prop erties over com p lex land, w h ich h elps to address the aeroso l clim atic issues for both local and regional areas. The results
show that 500m AerosolOpt icalTh ickn ess ( AOT) data from MODIS are h igh ly correlated ( r = 0. 96 and r= 0. 87 ) w ith AERONET andM icrotopsII
sunphotom eter observations in H ong Kong. Th is study dem onstrates the feasib ility of aeroso l retrieval at / fin e0 resolu tion in urb an areas, wh ich can h elp
s tudy aerosol d is tribut ion and p inpoin t pollu t ion sources.
Keywords: MODIS; aeroso;l su rface reflectan ce; H ong Kong
1 ?? ( Introduct ion)
???????????????????
????. ????????????????
?,?????????? 20?????????
?.????????????????????
????????,?????????????
????, ?????????????????
7? ????:???????? MOD IS??????????????
??. ??, ?????????????? (?:
???????????????? )?????
????????????. ??, ??????
?????????????????.
K aufm an? ( 1998) ???????????
( DDV )?,?????????????????
????? (MODIS)????, ? DDV????
??????????? 60%????????
?????, ????????????????
?????????????. Chu? ( 2003) ?
????, MODIS co llect ion 4?????????
?????? ( AERONET ) ?????????
?????? ( H o lben et al. , 2002 ). Remer?
( 2005) ? Levy? ( 2004) ??, ?? DDV???
?????????????????, ????
?????????????????????.
??, Levy? ( 2007)??? MODIS??????
????????????, ??? (??
co llect ion 5)????????????????
??????.?? MOD IS collection 5?????
??????????????????? (M i
et al. , 2007; L i et al. , 2007) , ??,??????
?????????????????????
??????????????.
???????????????????
????????, ?????????????
?????????. H su? ( 2004; 2007)????
??? MOD IS????????????????
?????????. ??, ?????????
?,????????????? (MRT)????
?? ? ? ( H erman et al. , 1997; Koeleme ijer,
et al. , 2003). ???????????????
???? AERONET?????????????
( 30%?? ) . Lee? ( 2006) ?????????
??????????????????, ???
?????????????????????
????.
?????????? MODIS?? ( 10km )?
??????????????,???????
???????????. ??, ????? ( 1095
km
2
)???? (? 1) ,????????????
??.???????????? MODIS collection
4??? 1km AOT,?????????????
???? ( L i et al. , 2005a; ????, 2005b) , ?
??????????????,???????
???????????????????, ??
???????????. ??????????
?????????????????????
?????????, ???????????
MRT??????????.
? 1 ??? AERONET????????
Fig. 1 M ap ofH ong Kong and AERONET station
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2 ?? (M ethodology)
2. 1 数据来源
??????? 2007?? 500m ????
TERRA /MOD IS level 1b ? ? ? ? ? ? ? ?
(MOD02HKM ) ? MODIS level 2 ??? ??
(MOD04) .??????????? ( AERONET)
?????? AOT?????. AERONET???
??????????, ???????????
C im el???????, ?????? 15m in???
?????? 1?.?????? MRT?????
?????, ?? NASA Goddard Earth Sc ience
D istributed Active A rch ive Center ( DAAC )???
2007?? MOD IS??????? (MOD09 8d??
???????? )???? ( V ermote et a l. ,
2006) .
2. 2 研究方法
???????????????????
????????????????????
( TOA )????, ????????????. TOA
??? QTOM ( H0, Hs, < )?????:
QTOM (H0, Hs, < ) = QATM (H0, Hs, <, SA er, SR ay, p (H), X0 ) +
T Tot ( H0 ) # TTot (Hs ) # QSurf (H0, Hs )
1- QSu rf ( H0, Hs ) # rH em ( STo t, g )
( 1)
??, H0?????? ( b), Hs?????? ( b) ,
<???? ( b) , SA er, SRay? STot????????
????????????????; p ( H)???
??, X0????????, g??????, QATM
????????, TTat ( Hs )?????????
(W#m - 2 ), TTot (H0 )????????? (W#m- 2 ) ,
QSu rf ( H0, Hs )??????, rH em ( STot, g )?????
?.? 2?????????????????.
? 2 ????????
Fig. 2 S chem atic d iagram for aerosol retrieval in the study
2. 3 瑞利和表面反射率
???????????????????
??????????????. ?? ( 2)???
????????? ( Bucho ltz, 1995).
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7? ????:???????? MOD IS??????????????
SR ay ( K) = AK
-B + CK+D /K @p ( z )
p0
( 2)
??, A, B, C, D??????????????
?????????????????. p ( z ) ??
??????? ( Pa) ,????????????
??.
p ( z ) = p0 exp
- 29. 87g @ 0. 75z
8. 315(T Sur f- g @ 0. 75z )
( 3)
??, ??????????? ( DEM )????
?? z??????????? p ( z ). g????
?? ( 9. 807m# s- 2 ), T su rf?????, p0?????
??? ( Pa) , T su rf? p0???????????.
?? MRT???????????????
??????????. ???????????
???,???????? 30?????????
??????. ??, ????????????
??????????????????. ???
?????????????????????
??. ??, ????????????????,
????????????????. ?????
?? ( trai-l and-error)??????, ??????
???????. ????????: 1)????
? ( at 470nm ) > 0. 2; 2)????? ( at 550nm ) >
0. 2; 3)????? ( at 660nm ) > 0. 2; 4) ???
???? NDV I < - 0. 5, ???????.???
???? 35b?????????, ??????
????????????????.
2. 4 气溶胶反演
? ? Santa Babara D ISORT ? ? ? ?
( SBDART ) ? ? ?? LUT ( R icchiazzi et a l. ,
1998) ,?????? AOT?????, ????
?-?????????? ( RH )????????
?. SBDART????????? 3?, ?????
?????????????. ????????
????????????????? ( H ess
et al. , 1998) .???????????????
??????????, ???????????
??????.???????????????
?: 1) ????? ( CC )??; 2) ???? ( CA )?
?; 3)???? ( CP)??; 4)???? ( DD)??;
5)????? (M C)??; 6)???? (M P)??.
???? LUT, ????? 6???????9
?????? ( 0b~ 80b, $= 10b)?17?????
? ( 0b~ 80b, $= 5b)?18????? /?????
( 0b~ 170b, $= 10b)?8?????? ( RH = 0%?
50%?70%?80%?90%?95%?98% ? 99% )? 3
??? (??? 470?550?660 nm )????,???
? 396576????????? AOT?. ? 3??
?? SBDART???????? LUT, ?????
??????? 30b, ????? 10b, ??? 150b
?????? 50%.
? 3 ???????? AOT???
F ig. 3 Aeroso l ref lectance as a function ofAOT
???? 1????????? RH?? LUT
?. RH???????????? ( NCEP)???
?? ( Costa et al. , 1999) .? 2??? LUT???
???????????????.??????
?????????? LUT???. ? 3?, ??
?????????? 470nm????????
???????. ??, ???????????
??????? LUT????????????
?????.????????????????
???????????????????
( K aufm an et al. , 1998; Costa et al. , 1999;
Torricella et al. , 1999; Lee et al. , 2007) .????
??????????:
x
2
=
1
n E
n
i= 1
Q
m
Aer (Ki ) - Q
a
A er ( Ki )
Q
m
Aer (Ki )
2
( 3)
??,??? x2??? MODIS????????
????????????????????.
Q
m
Aer ( Ki )? MOD IS?????????, QaA er ( Ki )?
?????????????, n????? = 3
(??? 470?550?660 nm ) . x 2????????
????? 6???????????.??,??
????????????? AOT??????
????.
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3 ?? (R esults)
3. 1 表观反射率验证
???????????????????
??. ???? MOD09????? MRT ??. ?
? MOD09????? 1km, ? MRT ?????
500m, ?? MRT???????? 1km. ????
MOD09??? MRT??????????? 4?
?.?? 4????, ?????????????
MOD09???, ??,???????? (? 4a)?
????????????,??????? ( 550
? 660nm )? MRT??? MOD09???????
????? (? 5). ????????, ?????
????????????? ( r > 0. 9, p <
010001), ?????????????????
? ( r> 0. 8, p < 0. 0001) . ????, MOD09? MRT
???????????? 550? 660nm ???
?? 0. 01, ?????? 470nm???????
( 0102~ 0. 03) . ??? MRT?????????
????? AOT??? 0. 2 ~ 0. 3???. ???
?????? MOD09???????????,
???? MOD09??????? ( Vermo te et al. ,
2006) .??, ? MRT???????? AOT??
???????? 0~ 0. 2???, ???????
?? ( 470nm )?????, ?????? ( 550?
660nm )????.??????????????
?? MRT????, ?? 51???? (? 6)?
MRT??????. ????, ????????
?? 2%??,???? MRT??? AOT????
??. ?? MRT????????? 500m, ??
MOD09? 1km???,????????????
?????????.
? 4 ????????? ( a. 470nm ???? MOD09, b. 470nm ???? MRT, c. 550nm ???? MOD09, d. 550nm ???? MRT)
F ig. 4 Su rface reflectan ce m aps in fall season ( in UTM grid coord in ate system; a. MOD09 at 470nm, b. MRT at 470nm, c. MOD09 at550nm, d.
MRT at 550nm )
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7? ????:???????? MOD IS??????????????
? 5 ???????? (MRT? MOD09??? ) ( a. 470nm??; b. 550nm??; c. 660nm??; d. 470nm??; e. 550nm?
?; .f 660nm?? )
F ig. 5 Scatter plots betw eenMRT andMOD09 su rface reflectan ces( a. 470nm in spring; b. 550nm in spring; c. 660nm in spring; d.
470nm in au tum n; e. 550nm in autumn; d. 660nm in autumn )
? 6 ??????????
F ig. 6 D istribu tion of fifty-one in-s itu m easurem ents
3. 2 AERONET测量值验证
????????????????, MOD IS
?????????????????????
?.???????????? ( 500m )?????
??.?????????, ? AERONET 2007?
??????? MODIS 500m??? AOT(? 7a) ,
??, MOD04 co llection 4 ? 5 AOT ????
AERONET?????? (? 7b ). ?? 7??,
MODIS 500m AOT??? AERONET??????
?????,?????? 0. 962,????? p?
? 0. 0001, ?????? MOD04 co llection 5 ( r=
01913, p< 0. 0001)? MOD IS co llect ion 4( r= 0. 877,
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? 7  AOT???????? ( a. MODIS 500m AOT ?
AERONET?????; b. MOD04 collection 4 and 5AOT
? AERONET ?????; c. MODIS 500m AOT ?
M icrotopsÒ ????? )
F ig. 7  S catter p lots of AOT and correlat ion coefficien ts ( a.
betw een MOD IS 500m AOT w ith AERONET
m easu rem en ts; b. b etw een MOD04 collection4 and 5
AOT w ith AERONET m easu rem en ts; c. betw een
MODIS500m AOT w ith M icrotop sII m easu rem ents)
p< 0. 0001 ) ? AERONET ??????. ??,
MODIS 500m?? (? 7a)???????????
? 1, ?? 7b???????. ?? MOD IS 500m
AOT? AERONET????????????, ?
??????? AOT? 0~ 0. 055. ??????,
AOT?????????? MRT???????
? AOT?????? ( 0 ~ 0. 2). ??,?????
????????????????? AOT?, ?
?????????????????? AOT
??.
3. 3 M icrotopsII测量及数据检证
??????? M icrotopsII????????
???? AOT????, ?? 14?????? (?
?? 2007? 11? 11??28?? 12? 14? )?
MODIS 500m AOT??????, ???????
? 0. 872(? 7c), ????? p?? 0. 0001. ??
?? 14????????????, ??????
????.??????? AERONET?????
??,???????? MOD IS 500m AOT???
??????????.
? 8a???? 2007? 10? 20?? RGB?
????, ? 8b? MOD ISMOD04 collection 5??
??? 550nm???? AOT, ? 8c?????
MODIS 500m?????????????? AOT
???,???? 500m. ???????????
? NDV I??????????, ????? AOT
??? 0~ 0. 6????, ???? AOT????
?,? 0~ 1. 6???? (? 8c) .????????
AOT????????????,???? AOT?
????.?????????????????
???????????????,??????
AOT?? 1. 0. ?? 8c??,?????????
?????, ???????????????
?,??????? ( [ 2m# s- 1 ) , ???????
???????.??, MODIS co llection 5????
? (? 8b)??????? (??? 10km ), ???
????????????????.
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7? ????:???????? MOD IS??????????????
? 8 MRT??????? AOT??? ( a. 2007? 10?
20?? RGB?????; b. MOD ISMOD04 collection 5
????? 550nm ???? AOT; c. ??????
500m??????????? AOT )
F ig. 8 MRT su rface image and d erived AOT im ages ( a. Co lor
com posite RGB image on 20th O ctober, 2007; b. AOT at
550nm derived from MODIS MOD04 collection 5
algorithm; c. from th is study w ith 500m over H ong Kong
and the Pearl R iver Delta ( PRD ) region)
4 ?? ( Conclusions)
1)?? MOD IS 500m???????????
????? MRT??????????,????
LUT????????????????????
?????????????????.
2)MOD IS 500m AOT???????????
?????????????. MRT??????
??? MODIS????????? (MOD09) ?
??????, ????????? 0. 9, ???
MRT?????????????.
3)????? AERONET ????, MOD IS
500m ??? AOT ????????? ( r =
01962) . ??, ?????? M icro topsII???
AOT???????? ( r= 0. 872) . ?? MOD IS
500m AOT?????????????, ???
?????????????????????
??.
??????: 黄文声 ( 1980) ), 男, 博士, 博士后, 主要
研究方向为空气污染和遥感应用, 在国内外重要学术期刊
上发表论文 23篇, 其中被 SCI收录的论文 15篇.
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